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ABSTRACT
Introduction. Renal insufficiency can be associated with poor long-term survival of liver
transplant recipients.
Objective. The objective of this study was to study renal insufficiency observed pretrans-
plantation and its long-term impact after liver transplantation.
Methods. We analyzed retrospectively an electronic database collected prospectively includ-
ing transplant records from June 1994 to October 2010 using piggyback venous reconstruction.
The exclusion criteria were chronic kidney disease, acute hepatic failure, children up to 12
years of age, and retransplantations. Renal insufficiency was defined by the creatinine
clearance (CCr) calculated using the Cockcroft-Gault method. Patients were distributed into
3 groups: CCr 90, between 90 and 60, and 60 mL/min/1.73 m2. The survival rate was
calculated using the Kaplan-Meier method and proportional hazards Cox regression analysis
using death and CCr as stratifying variables evaluated predictive factors for survival. The
groups were compared using the Kruskal-Wallis test with significant differences at P  .05.
Results. Among the 305 patients those who showed preoperative and postoperative CCR of
90were 187/59.9%and 82/26.3%, 60 to 90were 77/24.7%and 74/23.7%, or60mL/min/1.73m2
were (41/13.1% and 149 (47.7%). Patients with preoperative CCr 60 mL/min/1.73 m2 showed
worse short- and long-term survivals as well as the longest intensive care unit and hospital stays
(P  .034). The only predictive donor factor was age older than 40 years namely, the greatest
hemotransfusion needs and postoperative liver and renal dysfunction (Chi square 100.6064; P
.00001). The area under the curve (AUC) obtained using an receiver operating characteristic
(ROC) analysis was 0.563 (95% CI 0.4980.627) with a cut off of 30.25.
Conclusion. Pre–liver transplantation renal insufficiency seemed to be a predictive factor
for long-term survival.RENAL insufficiency a critical parameter among livertransplant recipients, is associated with poor long-
erm survival. Acute kidney injury is a frequent complication
ccurring among 17% to 95% of cases.1–8 Creatinine clearance
(CCr) can be calculated using the Crockcroft-Gault formula9 or
sing the modified or not altered RIFLE (Risk, Injury, Failure,
oss and End-stage Kidney) classification of the Acute Kidney
njury Network (AKIN).6–9 The aim of this study was to study
enal insufficiency observed in the pretransplantation period to
erify long-term survival after liver transplantation.
METHODS
We analyzed retrospectively an electronic database collected pro-
spectively including transplanted recipient records from June 1994
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2452to October 2010 using the piggyback venous reconstruction. The
exclusion criteria were chronic kidney disease, transplantation due
to acute hepatic failure, children up to 12 years of age, and
retransplantations. Renal insufficiency was defined as the CCr
calculated using the Cockcroft-Gault method ([140–age]mass
[in kilograms]  [0.85 if female])/72  serum creatinine (in
mg/dL). Patients were distributed into 3 groups: CCR 90, be-
tween 90 and 60, and 60 mL/min/1.73 m2. The survival rate was
From the Unit of Liver Transplantation, State University of
Campinas, SP, Brazil.
Address reprint requests to Ilka F.S.F. Boin, Rua Aldo Oliveira
Barbosa 184, CEP 13086-030, Campinas, SP, Brazil. E-mail:
ilkaboin@yahoo.com
© 2012 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710
Transplantation Proceedings, 44, 2452–2454 (2012)
Uw
i
t
o
a
P
CREATININE CLEARANCE CALCULATOR 2453calculated using the Kaplan-Meier method; the proportional haz-
ard Cox regression technique and receiver operating characteristic
(ROC) curve were used identify predictive factors for survival using
death and CCr as stratifying variables. The groups were compared
using Kruskal-Wallis tests with a significant difference defined as
P  .05. The software was SPSS 16.0 (SPSS Inc., Chicago, Ill,
nited States).
RESULTS
The 305 patients showed preoperative and postoperative
CCR values 90 (187/59.9% and 82/26.3%), from 60–90
(77/24.7% and 74/23.7%), and up to 60 (41/13.1% and
149/47.7%, respectively). The descriptive statistical data are
shown in Table 1. Kruskal-Wallis tests revealed patients
ith CCr90 to be the youngest with the highest body mass
ndex. The subjects with CCr 60 had the highest MELD
(model for end-stage liver disease) scores. Although their
cold ischemia times were shorted, their hemotransfusion
needs were higher (hazard rate [HR]  1.016; P  .032), and
he postoperative CCr continued to be lower than those of
ther patients with renal dysfunction (HR 0.98; P .007)
nd with a trend toward liver renal function (HR  1.00;
 .06). The patients with CCr 60 mL/min/1.73 m2 showed
worse short- and long-term survivals (P  .034) with the
longest intensive care unit (ICU) stay (HR  1.02; P 
Table 1. Mean and Standard Deviation According to CCr (CCr
in mL/min/1.73 m2)
CCr 90 (n  186) 60–90 (n  77) 60 (n  41)
Survival* (mo) 54.7  56.1 45.5  52.9 34.1  52.8
Age* (y) 44.7  11.1 50.9  9.9 53.2  8.9
CTP (points) 9.9  4.7 9.7  2.4 10.4  2.4
BMI* (kg/m2) 26.6  4.4 24.3  4.2 24.5  3.2
Warm ischemia
(min)
64.0  30.4 61.2  22.1 57.5  20.6
Cold ischemia*
(min)
686.0  182.5 662.8  209.2 590.5  176.9
Surgical time
(min)
536.8  151.2 512.2  124.4 478.0  135.9
ICU stay (d) 11.4  22.3 13.0  21.8 12.5  12.1
Hospital
discharge (d)
18.6  24.3 24.6  35.6 22.5  25.3
MELD* 17.9  4.6 18.3  5.4 23.7  7.9
Red blood cell*
(u)
6.3  7.9 6.4  4.8 9.1  6.2
Cell saver (mL) 1359.2  1688.1 2257.6  5002 1575.5  2008
CCr
preoperative
131.3  40 76.9  8.4 49.7  9.5
CCr
postoperative*
79.3  37.5 51.9  24.5 40.4  18.4
ALT max (UI/L) 2441.7  3517.8 2229.1  2520 1746.6  2089
FK 506 (ng/mL) 11.8  6.5 11.7  5.8 11.6  6.6
CYA (ng/mL) 351.8  217.2 300.0  200.4 333.4  276.1
(D) Sodium
(mEq/L)
151.8  15.4 151.3  11.3 154.9  15.6
(D) Age (y) 32.5  13.2 36.2  13.6 35.7  14.5
Abbreviations: D, donor; CTP, Child-Turcotte-Pugh; CYA, cyclosporine;
FK506, tacrolimus; ALT, alanine aminotransferase; BMI, body mass index; min,
minimum; max, maximum; ICU, intensive care unit.
*P  .05..032) and hospital discharge as shown in Figure 1 and Table
2. The only donor predictive factor for mortality was age;
there was a 1% risk for death yearly among individuals
older than 40 years of age (HR  1.016491; P  .016). The
area under the curve (AUC) obtained using a ROC analysis
was 0.563 (95% confidence interval [CI]  0.498–0.627)
with a cut off of 30.25 (Fig 2).
DISCUSSION
We observed that 13.1% of patients displayed a preopera-
tive CCr 60 and another 24.7% had CCr from 60 to 90
mL/min/1.73 m2 showing kidney injury before the trans-
plantation procedure. Postoperatively 47.7% of them dis-
played CCr 60. Similar results have been reported by
other authors.1,3,5,6,8,9 As in other,8,9 parameters were
collected within 7 days after transplantation surgery in our
study.
Patients with a preoperative CCr 90 were the youngest
cohort and with the highest body mass index (BMI) showing
better nutritional status. Zhu et al related acute kidney
injury to be a powerful mortality predictor in liver trans-
plantation.9 We observed that MELD score and older
patients were associated with a poor prognosis after liver
transplantation. These patients had the worst postoperative
CCr, increased hemotransfusion requirement and layer
ICU and hospital stays. Despite lower cold ischemia times
they showed more liver dysfunction and reduced short- and
long-term survivals. These patients displayed higher MELD
scores. We sought to decrease operative time when possi-
ble. Other reports have corroborated these results.1,3,4,6,8,9
Several studies have documented 12%–95%.6 rates of
kidney dysfunction after liver transplantation.
In our study, when we analyzed CCr values 60 we
Fig 1. Cumulative proportional survival (Kaplan-Meier) curve
using as variable survival time (mo) with survival as censoring
indicator according to CCr 90, from 60 –90, and 60 mL/
min/1.73 m2; with 304 valid observations (uncensored: 148
(48.68%) and censored: 156 (51.32%) as long-term follow-up;
chi-square  6.58189; df  2; P  .034).observed that approximately 50% of patients had renal
el [all
o
2454 BOIN, DE ATAIDE, DIAS ET ALinjury and it was associated with poor survival. Only ROC
curve analysis showed an AUC around 0.06 as a predictor
for mortality according to pretransplantation CCr however,
the AUC revealed this to not a strong discriminator.
In conclusion, pre–liver transplantation renal insuffi-
ciency mainly if associated with older donors was a long-
term predictive factor for survival.
Table 2. Proportional Hazard (Cox) Regression Analyses Using
Alive) as Variable With Censoring Indicator, Stratified by
Obse
Beta Standard
CTP (points) 0.0135 0.0322
BMI (kg/m2) 0.0039 0.0264
Warm ischemia (min) 0.0007 0.0045
Cold ischemia (min) 0.0008 0.0005
ICU time* (min) 0.0251 0.0117
Hospital discharge* (d) 0.0247 0.0112
MELD 0.0282 0.0200
Sodium (mEq/L) 0.0309 0.0171
Glycemia (mg/dL) 0.0035 0.0018
Red blood cell* (u) 0.0353 0.0164
Cell saver* (mL) 0.0000 0.0000
CCr preoperative 0.0003 0.0042
CCr* postoperative 0.0104 0.0039
ALT (IU/L) 0.000050 0.0000
Sodium (D) 0.0092 0.0065
Age* (D) 0.016357 0.0068
Abbreviations: MELD, model end-stage liver disease; ALT, alanine aminotra
*P  .05 (log-likelihood of final solution: 549.207; log-likelihood of null mod
f freedom  23; P  .00001).
Fig 2. ROC curve according to variable pretransplantation CCr
showing the AUC  0.563 (95% CI, 0.498–0.627); cut off 
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